MATERIAL AND METHOD

Adsorbent Preparation
Rice husk is an agricultural waste and is used as low cost adsorbent. It was obtained from a local paddy mill [8] . The rice husk was heated to remove other impurities.After heating the rice husk was washed with Distilled Water and HCl. Further the rice husk was kept in an oven at 100°C for an hour; the water present in rice husk was removed
Adsorbate Preparation
The simulated stock solution was prepared by dissolving 1.414 g of Potassium Dichromate (K 2 Cr 2 O 7 ) in 1000ml of distilled water. In stock solution we had 1ml equivalent to 500µgm Cr. Further the solution of desired concentration (250-1000) mg/Lwas prepared by diluting the stock solution with distilled water.
Reagent Preparation
Diphenyl Carbazidereagent was prepared by dissolving 0.04 gm of 1,5-diphenyl Carbazide solution in 20ml Iso -propyl alcohol, along with it 8ml of conc. H 2 SO 4 was added and the solution was diluted to 100ml by addition of 72ml of distilled water. This Diphenyl Reagent was then used for the detection process with the help of Spectrophotometer.
Experimental Studies
For the removal of toxic Cr (VI) from the aqueous solution a continuous fixed bed experiment was carried out, wherein activated rice husk was used as a low cost bio-adsorbent. The apparatus consisted of a fixed column of glass with 5cm internal diameter. The stock solution of Cr (VI) was made to pass through the column in a down flow mode. The flow was maintained by a valve. The parameters including flow rate, mass of adsorbent (bed-height), and inlet Cr (VI) concentration were varied during this study. The flow rate was maintained constant using a valve (30-60 mL min-1). The method used for analyzing the quantity of Cr (VI) in the aqueous solution was Di-Phenyl carbazide. This method only indicates the quantity of Cr (VI) in the aqueous solution. At low pH this method has been used widely in various studies [9] . A purple-voilet color was developed when Di-Phenyl Carbazide reagent was added to the effluent collected from the experiment Further UV-Spectrophotometer was used for the analysis of the concentration of Cr (VI) ions in the effluent. Di-Phenyl Carbazide Reagent over here works as a complexing agent. The absorbance of the effluent after addition of the reagent was measured at a wavelength of 540 nm. With the help of calibration curve the deviation in the concentration of Cr (VI) was obtained.
MATHEMATICAL MODELING AND SIMULATION
Thomas Model
An expression for adsorption column by Thomas is given by following equation
In the equation (1), C is the outlet concentration at any time t and Co is inlet concentration. V is throughput volume, Q volumetric flow rate, K t is Thomas constant and q 0 is maximum adsorption capacity. [11] The linear form of this equation is written as ln(
The plot of ln( 0 − 1)against t is a straight-line. The values of the parameters K t , and q 0 are estimated from this plot.
Yoon and Nelson Model
Yoon and Nelson developed a model based on the assumption that the rate of decrease in the probability of adsorption of adsorbate molecule is proportional to the probability of the adsorbate adsorption and the adsorbate breakthrough on the adsorbent [12] .
This model is expressed by following equation
Here, k is the rate constant and T is time required for 50 percent adsorbate breakthrough and t is sampling time in the equation (3) 
RESULT
Effect of Concentration
Detailed studies on the change of sorption capacity with time for different initial concentrations have been done in order to evaluate the sorption characteristics of Rice Husk for Cr ions. A series of experiments were undertaken by varying the initial Cr concentration in the range of 250 mg/L, 500 mg/L, 1000 mg/L on the removal of Cr from the simulated solution. It has been found that as the concentration increases the adsorption capacity also increases and the breakthrough point is obtained earlier.
The optimum concentration was found to be 1000 mg/L. At this concentration the removal was 78.95%after 10 min, whereas for concentration of 250mg/l & 500mg/l it was found to be 55.65% & 20.97% respectively. So, the Rice Husk can be used in the industry effluent samples for higher concentrations of chromium. The values of K t and q 0 were obtained from the graph and it was observed that as concentration was increased the value of R 2 also increased from 0.77 to 0.89. 
Fig4.1.1. Effect of Concentration on Cr Adsorption
Table1. Effect of Initial Concentration for Thomas Model
Effect of Concentration (C/C0)
The study Cr concentration at different time intervals has been carried out. A series of experiments were undertaken by varying the initial Cr concentration in the range of (250 mg/L-1000 mg/L). For 1000 mg/L, initially the Cr concentration was low and once bed gets saturated it has increased. At zero time C/C 0 ratio was 0.223 and is decreased to 0.21 at time 10min. Further C/C 0 ratio was increased to 0.29 after one hour; this is due to the fact that the bed was exhausted. It can be concluded that at 1000 mg/L the removal was optimum and concentration of Cr was less.
Fig4.2.1. Effect of Concentration (C/C0)
Effect of Flow Rate (% removal vs. time)
An investigation was carried out on the effect of the flow rate on the adsorption of Cr by varying the flow rate, with a constant adsorbent bed height of 30 cm and the initial concentration of 250 mg/l. series of experiments were undertaken by varying the flow rates in the range of (30ml/min -60ml/min)i.e. 30ml/min, 40 ml/min & 60 ml/min simulated solution. It has been found that as flow rate increases the adsorption capacity also increases. The optimum flowrate was found to be 30ml/min. At this flow rate the removal of Cr was maximum i.e. 72% after 22min.Whereas with flow rates 40 ml/min & 60 ml/min the removal was 63% & 55% respectively. So, the Rice Husk can be used in the industry effluent samples with lower possible flowrates. It has been observed that as the flow rate increased the breakpoint time decreased, also the total adsorbed quantity of Cr also decreased simultaneously. The reason for this behavior is the insufficient residence time of solute (Cr) in the column. It can be concluded that residence time decreases with increase in the flow rate resulting in insufficient residence time for the diffusion of Cr. The values of K t and q 0 were obtained from the graph for both the models. The value of R 2 for Thomas model was found to be maximum for the flow rate of 40 ml/min, whereas for Yoon & Nelson model it was found to be maximum for flowrate of 30ml/min 
Fig4.3.1. Effect of Flow rate on Cr Adsorption
Table3. Effect of Flow Rate for Thomas Model
Effect of Flow Rate (C/C0 vs. Time)
The effect of the flow rate on change in concentration of Cr with initial value was investigated by varying the flow rate with a constant adsorbent bed height of 30 cm and the initial concentration of 250 mg/l. series of experiments were undertaken by varying the flow rates in the range of (30ml/min60ml/min)i.e. 30ml/min, 40 ml/min & 60 ml/min simulated solution. It has been found that as flow rate increases initially capacity of removal of Cr was very rapid further after saturation of bed it decreased. At flow rate 60ml/min initially c/co ratio was 0.55 at zero time, then it decreased to 0.28 at 20min .as bed get saturated the value again increased. At 60 min it again reached to 0.46.We can conclude that with increase in flow rate, initially Cr concentration decreases and then it increases again after breakpoint time.
Fig4.4. Effect of Flow rate (C/C0)
Effect of Bed Height (% removal vs. time)
The bio-adsorbent used in packed bed influences the removal capacity of metal ions. Numbers of experiments were carried out for three different bed heights 25 cm, 30 cm and 35 cm using 92gm, 119gm, & 150gm of biomass respectively. Concentration and flow rate were fixed at 1000 mg/l and 40 ml/min respectively. Fig 4. 5.1 and 4.6 represents the removal of Cr for various bed heights. It was observed that with increasing bed height removal of metal ions was higher until the bed gets saturated. As the bed height increases the contact time also increases and this results in increase in the % removal of chromium. Maximum removal obtained at 35 cm bed height. For 35 cm bed height initially the removal was about 70.12% which further increased to 78.22%, which was the maximum removal amongst various bed heights. The values of K t and q 0 were obtained from the graph. Series of experiments were undertaken by varying the bed height in the range of (25-35 cm) i.e. 25cm, 30 cm and 35cm. It has been found that as bed height increasesinitially capacity of removal of Cr was rapid further after saturationof bed it decreased. At bed height 35cm initially, C/C 0 ratio was 0.298 at zero time, then it decreased to 0.256 at 20min, and reached point 0.217 at 60 min.
Fig4.6. Effect of Bed Height (C/C0)
Effect of Regeneration
The rice husk used in packed bed was regenerated after it was saturated by treating it with HCl. The same experiments were carried out to see the changes in removal capacity. 
